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CLAIMS 

1. A method of grading tubules in a first image (50) of a histological slide 
characterised in that it has the steps of: 

a) providing a second image (60) of first objects (61) in the first image (50) 
which are sufficiently large and of appropriate pixel value characteristics at 
boundaries to potentially be tubules, 

b) providing a third image (70) of second objects (72) in the first image (50) 
having pixel value characteristics of fat and holes within tubules, 

c) combining data from the second and third images (60, 70) to identify 
selected second objects (81) which are within first objects (61), 

d) performing one or more of the following: 

i) counting first objects (61) in the first image (50) which may 
potentially be tubules to provide a parameter A/OS, 

ii) counting the first objects (51) having selected second objects (81) 
within them and likely to be tubules to provide a parameter N, 

iii) determining the relative areas of selected second objects (81) as 
proportions of respective first objects (51) within which they are 
located to provide parameters RATIO, 

iv) determining the total area of selected second objects (81) as a 
proportion of total area of first objects (51) within which they are 
located to provide a parameter SURF, 

v) determining a parameter PERCENT = N/NOB, and 

vi) counting the number of first objects (51) containing at least medium 
sized holes (52) to provide a parameter T t and 

e) grading the first image's tubules (51) on the basis of the one or more 
parameters as aforesaid with reference to parameter threshold values. 

2. A method according to Claim 1 characterised in that the step of providing a second 
image (60) incorporates: 

a) thesholding the first image (50) to provide a fourth image retaining relatively 
darker image pixels and rejecting relatively lighter image pixels, 

b) processing the fourth image by applying the following steps in succession, 
the first being applied to the fourth image and each after the first being 
applied to the outcome of the respective immediately preceding step: 
inversion, morphological dilation, median filtering, hole filling and 
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morphological opening. 



4. 



a) 



tTZZ ^ ^ 1 CharaCteriSed 10 ^ ^ * Wl • third 
mage 70) cornpnses thresholding the first image (50) to provide a binary fourth 

m e n which re,ative,y lighter image pixels have a different binary value to that of 
relatively darker image pixels. 

Anted according t0 c,a,m , charactedsed in thai me step of combining date 
from the second and third Images (60, 70, comprises replying pixels In me 
^ image ,60) by or ANDing mem * respective oorres 0 „dlng pix* 
located in like positions the third Image (70). 

A method according ,o Claim 1 characterised in that the step of grading the fins, 
■mage's lubuies (51, employs parameter threshold values se, to <L„ ZZ 
comparable wtth ma. obteinable by an appropriate medical expert. ° 

lT od t 9rading ,ubu,es in a flrst ,maae <50 » of a — 

characterised in tha. It has the steps oh 

providing a second image (60) of firs, objects (61) in me first image (50) 
which are sufficiently iarge and of appropriate pixel value charac.eris.ics a. 
boundaries to potently be tubules and counting mem to provide a 
parameter NOB, 

b) providing a third image (70) of second objects (72) in the flrst image (50) 
having pixel value characteristics of fat and hc.es within tubules 

0 combining data from the second and third images (60, 70)' to identify 
selected second objects (81) which are within first objects (61) 

d) counting the first cbjects (51) having selected second objects (81) within 
them and likely to be tubules to provide a parameter N 

e) determining the relative areas of selected second cbjects (81) as 
proportions of respective first objects (51) within which they are located to 
provide parameters RATIO, 

f) determining the tota. area of selected second cbjects (81) as a proportion 
of tota. area of first objects (51) within which they are located tc provide a 
parameter SURF, 

9) determining a parameter PERCENT = N/NOB 

h) counting the number of first objects (51) containing at .east medium sized 
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7. 



8. 



0 



b) 
c) 



holes (52) to provide a parameter T, and 

grading the first image's tubules (51) on the basis of the first image's 
parameters as aforesaid with reference to parameter threshold values. 

Computer apparatus for grading tubules in a first image (50) of a histological slide 
characterised in that it is programmed to: 

a) compute a second image (60) of first objects (61) in the first image (50) 
which are sufficiently ,arge and of appropriate pixel value characteristics at 
boundaries to potentially be tubules, 

compute a third image (70) of second objects (72) in the first image (50) 
havmg pixel value characteristics of fat and holes within tubules 
combine data from the second and third images (60, 70) to identify selected 
second objects (81) which are within first objects (61), 
d) implement one or more of the following: 

0 counting first objects (61) in the first image (50) which may 

potentially be tubules to provide a parameter NOB 
H) counting the first objects (51) having selected second objects (81) 

within them and likely to be tubules to provide a parameter N 
»■> determining the relative areas of selected second objects '(81) as 
proportions of respective first objects (51) within which they are 
located to provide parameters RATIO, 

iv) determining the total area of selected second objects (81) as a 
proportion of total area of first objects (51) within which they are 
located to provide a parameter SURF, 

v) determining a parameter PERCENT = N/NOB and 
vO counting the number of first objects (51) containing at least medium 

sized holes (52) to provide a parameter 7, and 
grade the first image's tubules (51) on the basis of the one or more 
parameters as aforesaid with reference to parameter threshold values. 

Computer apparatus according to Claim 7 characterised in that it is programmed 
to provide a second image (60) by: yrammea 
a) thesholding the first image (50) to provide a fourth image retaining relatively 
darker image pixels and rejecting relatively lighter image pixels 

Z7T? th * f ° Urth im " 6 ^ aPP ' ying thS f0 " 0Win 9 ^ succession, 
the f,rst bemg appiied to the fourth image and each after the first being 
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applied to the outcome of the respective immediateiy preceding step- 
mversion, morphoiogical dilation, median filtering, ho.e fining and 
morphological opening. 

Computer apparatus according to Claim 7 characterised in that it is programmed 
o prov.de a third image (70) by threading the first image (50) to provide a bina* 
fourth -mage ,n which relatively lighter image pixels have a deferent binary value to 
that of relatively darker image pixels. 

Computer apparatus according to Cairn 7 characterised in that it is programmed 

comb.ne data from the second and third images (60, 70) by multiply ng pixels , 
he second ,mage (60) by or ANDing them with respective corresponding pixel 
located in like positions the third image (70). 

Computer apparatus according to Cairn 7 characterised in that it is programmed 
o grade the first image's tubu.es (51 , with parameter thresho.d va.ues seUoobLn 
a grad,ng comparable with that obtainable by an appropriate medical expert. 

oZT- TT 9fadin9 tUbU,6S iP 3 f,YSt ' ma9e (5 °> 0f * his ~ slide 
charactensed rn that it is programmed to: 

a) provide a second image (60) of first objects (61) in the first image (50) 
wh,ch are sufficiently iarge and of appropriate pixel va.ue characteristics at 
boundaries to potentially be tubules and counting them to provide a 
parameter NOB, 

provide a thfrd Image (70) of second objeote (72) in ,he fits, image (50) 
hav,ng pixel value characteristics of fat and holes within tubules 
combine data from the second and third images (60, 70) to identify selected 
second objects (81) which are within first objects (61) 
count the first objeote (51 , having selected second objects (61) wMn them 
and l,kely to be tubules to provide a parameter N, ■ 
determine the relative areas of selected second objects (81) as proportions 
of respecave firs, objects (51) within which they are iocated to provide 
parameters RATIO, 

determine the tota. area of se.ected second objects (81) as a proportion of 
total area of first objects (51) within which they are located to provide a 
parameter SURF, 



b) 
c) 
d) 
e) 

f) 
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g) determine a parameter PERCENT = N/NOB, 

h) count the number of first objects (51) containing at least medium sized 
holes (52) to provide a parameter T, and 

i) grade the first image's tubules (51) on the basis of the first image's 
parameters as aforesaid with reference to parameter threshold values. 

13. A computer program for use in grading tubules in a first image (50) of a histological 
slide characterised in that it contains instructions for controlling computer 
apparatus to: 

a) compute a second image (60) of first objects (61.) in the first image (50) 
which are sufficiently large and of appropriate pixel value characteristics at 
boundaries to potentially be tubules, 

b) compute a third image (70) of second objects (72) in the first image (50) 
having pixel value characteristics of fat and holes within tubules, 

c) combine data from the second and third images (60, 70) to identify selected 
second objects (81) which are within first objects (61), 

d) implement one or more of the following: 

i) counting first objects (61) in the first image (50) which may 
potentially be tubules to provide a parameter NOB, 

ii) counting the first objects (51) having selected second objects (81) 
within them and likely to be tubules to provide a parameter N, 

iii) determining the relative areas of selected second objects (81) as 
proportions of respective first objects (51) within which they are 
located to provide parameters RATIO, 

iv) determining the total area of selected second objects (81) as a 
proportion of total area of first objects (51) within which they are 
located to provide a parameter SURF, 

v) determining a parameter PERCENT = N/NOB, and 

vi) . counting the number of first objects (51) containing at least medium 

sized holes (52) to provide a parameter T, and 

e) grade the first image's tubules (51) on the basis of the one or moFe 
parameters as aforesaid with reference to parameter threshold values. 

14. A computer program according to Claim 13 characterised in that it contains 
instructions for provision of a second image (60) by: 

a) thesholding the first image (50) to provide a fourth image retaining relatively 
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darker image pixels and rejecting relatively lighter image pixels, 
b) processing the fourth image by applying the following steps in succession, 
the first being applied to the fourth image and each after the first being 
applied to the outcome of the respective immediately preceding step: 
inversion, morphological dilation, median filtering, hole filling and 
morphological opening. 

A computer program according to Claim 13 characterised in that it contains 
instructions for provision of a third image (70) by thresholding the first image (50) 
to provide a binary fourth image in which relatively lighter image pixels have a 
different binary value to that of relatively darker image pixels. 

A computer program according to Claim 13 characterised in that it contains 
instructions for combining data from the second and third images (60, 70) by 
multiplying pixels in the second image (60) by or ANDing them with respective 
corresponding pixels located in like positions the third image (70). 

17. A computer program according to Claim 13 characterised in that it contains 
instructions for grading the first image's tubules (51) with parameter threshold 
values set to obtain a grading comparable with that obtainable by an appropriate 
medical expert. 

18. A computer program for grading tubules in a first image (50) of a histological slide 
characterised in that it contains instructions for controlling computer apparatus to: 

a) provide a second image (60) of first objects (61) in the first image (50) 
which are sufficiently large and of appropriate pixel value characteristics at 
boundaries to potentially be tubules and counting them to provide a 
parameter A/OB, 

b) provide a third image (70) of second objects (72) in the first image (50) 
having pixel value characteristics of fat and holes within tubules, 

c) combine data from the second and third images (60, 70) to identify selected 
second objects (81) which are within first objects (61), 

d) count the first objects (51) having selected second objects (81) within them 
and likely to be tubules to provide a parameter N, 

e) determine the relative areas of setected second objects (81 ) as proportions 
of respective first objects (51) within which they are located to provide 
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parameters RATIO, 

f) determine the total area of selected second objects (81) as a proportion of 
total area of first objects (51) within which they are located to provide a 
parameter SURF, 

g) determine a parameter PERCENT = N/NOB, 

h) count the number of first objects (51) containing at least medium sized 
holes (52) to provide a parameter 7", and 

i) grade the first image's tubules (51) on the basis of the first image's 
parameters as aforesaid with reference to parameter threshold values. 



